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Abstract
Aim This observational ecological study aims to compare
Ireland’s age-specific cancer incidence rates (ASRs) with equivalent European and global data and to highlight possible dietary,
nutritional and lifestyle contributors to cancer in Ireland.
Subjects and methods Using the International Agency for
Research on Cancer’s (IARC) GLOBOCAN database, Irish
ASRs for all-site cancer and for Blifestyle-related^ cancers
such as those of the colo-rectum, oesophagus, breast, lung
and prostate were compared with European and global incidence data. Irish dietary and nutrient intake data were
reviewed and evaluated in the context of these cancer incidence data and in relation to the established dietary, nutritional, lifestyle and anthropometric predictors of increased cancer
risk previously articulated in the literature.
Results Incidence rates of colorectal, oesophageal, breast, lung,
prostate and all-site cancer are higher in Ireland than in most
other countries. National nutrition surveys in Ireland indicate that
dietary, nutritional, lifestyle and anthropometric risk factors for
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cancer occur with high frequency in the Irish population. For
example, low fruit and vegetable consumption, high red and
processed meat intake, low fish intake, low dairy consumption,
high saturated fat intake, low folate and vitamin D intakes, and
excessive alcohol consumption are all common amongst Irish
adults.
Conclusions Our data suggest that unfavourable diet and nutrient intakes prevail in Ireland and that these may contribute
to Ireland’s excess cancer burden. These risk factors should be
targeted by interventions seeking to sustainably redress
Ireland’s high cancer incidence. Such initiatives may provide
a template for intervention in other high-risk countries.
Keywords Cancer . Diet . Nutrients . Obesity . Ireland

Background
Incidence
Statistics from the International Agency for Research on
Cancer’s (IARC) 2008 GLOBOCAN database revealed
Ireland’s age-specific incidence rate (ASR) for all-site cancer to
be amongst the highest in the world (GLOBOCAN 2008). In
2008, 356 per 100,000 of the Irish male population were diagnosed with cancer, third only behind France and Australia.
Among females, 285 per 100,000 of the population were diagnosed with cancer that year, placing Irish women third highest in
the world after Denmark and New Zealand. When both sexes
were considered together, Ireland ranked a close second highest
in the world behind Denmark in 2008, with 317 cancer diagnoses
per 100,000 of the population. To put these data into context, the
average yearly age-specific cancer incidence globally at that time
was 182 per 100,000, 204 per 100,000 for men and 165 per
100,000 for women. These data indicate that overall, cancer
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Comparative ASR data for lifestyle-related cancers for Ireland, the EU-28 and World (IARC GLOBOCAN 2012)
Table 1

incidence rates were 75 % higher amongst Irish men and 73 %
higher amongst Irish women than the average global figures in
2008, with colo-rectal, breast, lung, prostate, oesophageal, liver
and pancreatic cancers particularly prevalent (Ferlay et al. 2010).
Follow-up analysis of the 2012 GLOBOCAN database incorporating data from 184 nations (GLOBOCAN 2012) suggests that while some progress has been made in terms of
Ireland’s absolute ASR, cancer incidence remains higher than
that experienced in most other countries. In 2012, the all-site
cancer ASR for Irish men was 343 per 100,000 placing them
11th highest in the world, while for Irish women, the equivalent
figure was 279 per 100,000 placing them 6th highest in the
world. The all-site cancer ASR for the overall population was
308 per 100,000, placing Ireland sixth highest globally. It is
noteworthy that for many Blifestyle-related^ cancers [i.e. those
related to diet, physical inactivity, smoking, alcohol consumption and anthropometric status (McKenzie et al. 2016)], such as
those of the colo-rectum, breast, prostate, oesophagus and lung;
Ireland continues to fare particularly poorly (Ferlay et al. 2013).
For example, based on the GLOBOCAN 2012 data, Ireland
ranked 14th highest in the world for colo-rectal cancer (13th
highest for men, 14th highest for women), 8th highest for breast
cancer and 9th highest for prostate cancer, as well as having the
third highest incidence of oesophageal cancer among the 28 EUmember states (3rd highest for men, 2nd highest for women).
Overall, the 2012 GLOBOCAN data indicate that the top
five lifestyle-related cancers (oesophageal, colo-rectal, lung,
breast and prostate) account for approximately half of the allsite cancer ASR across the EU-28, reaffirming their previously
identified role as key drivers of overall cancer burden (Arnold
et al. 2016). For Ireland, the GLOBOCAN data show that the
cumulative contribution of these five cancers to all-site cancer
ASR is even greater however, exceeding that observed globally,
across the EU-28, and even for countries with notably high allsite cancer incidences such as France and Denmark. This suggests that Ireland’s sixth place global ranking for all-site cancer
is reflective of its relatively high incidence of all of these major
cancers combined, and to the significant degree to which
Ireland’s individual ASRs for some of these common cancers
(particularly prostate cancer) exceed those observed elsewhere.
Comparative ASR data for selected lifestyle-related cancers are
shown for Ireland, the 28 EU-member states and the world in
Table 1; while Table 2 provides data describing the proportion
of all-site cancer ASR attributable to the five major lifestylerelated cancers in Ireland and other high incidence territories
(France, Denmark and the UK).
In comparison to average global figures, the most recent Irish
data from GLOBOCAN 2012 indicate all-site cancer incidence
rates which are now 67 % higher amongst Irish men and 69 %
higher amongst Irish women than their respective global averages. Even in comparison to the 50 countries and regions with
the highest overall cancer incidence monitored by GLOBOCAN,
these analyses put Irish all-site cancer incidence 6.5 % higher in

Females
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*For sex-adjusted ASRs, the gender-specific ASRs for breast and prostate cancer from GLOBOCAN (2012) have been halved as a crude estimate of their contribution to cumulative lifestyle-related cancer
risk across both genders

51.9
79.7
55.3
86.1
% Lifestyle related

90.4
45.7
65.9

56.9

82.8
53.6
84.5

53.8

30.5
3.4
35.2
140.6

31.3
31.3

30.5
3.4
70.4
215.9
30
6.5
36.6
150.8

30.2
30.2

30
6.5
73.2
234.9
39.2
3.9
45.7
181.8
39.2
3.9
91.3
279.9
35
3.8
49
162.7
35
3.8
98
256.5
31.3
5.7
57.1
175.2
31.3
5.7
114.2
278.4
23.1
5.9
15.3
83.1
Lung
Oesophagus
Prostate
Lifestyle-related ASR

34.9
17.2
17.2

23.1
5.9
30.6
119.9

Colo-rectum

34.9

40.5
30
30

40.5

271
40.2
271
80.3
272.9
47.5
272.9
95
338.1
52.5
All site
Breast

307.9
92.3
182
21.6
182
43.1

307.9
46.2

338.1
105
303.5
44.9
303.5
89.7

Sex-adjusted
UK
Denmark ASR* ASR
Sex-adjusted Denmark
France ASR* ASR
France
ASR
Sex-adjusted
Ireland ASR*
Sex-adjusted Ireland
World ASR* ASR
World
ASR
Cancer site

Table 2

Proportion of all-site cancer ASR attributable to the five major lifestyle-related cancers in Ireland and other high incidence territories

Sex-adjusted
UK ASR*

EU-28
ASR

Sex–adjusted
EU-28 ASR*

J Public Health

men and 10.2 % higher in women than the respective average
figures for these high incidence territories.
In relation to other European countries, Ireland also compares
unfavourably. For example, in 2012 the all-site cancer ASRs for
the EU-28 were 271 per 100,000 for the overall population, 311
per 100,000 for men and 241 per 100,000 for women. These
estimates place incidence rates amongst Irish men 10.3 % higher,
and rates amongst Irish women 15.8 % higher, than those observed in other EU countries, with a preponderance of lifestylerelated cancers contributing most of this excess cancer burden as
shown in Table 2. Furthermore, Ireland’s overall cancer burden
has been projected to rise exponentially over coming years, with
incidence rates set to climb by 72 % by 2030, a significantly
greater increase than that anticipated for any of the other 27
EU-member states (World Cancer Research Fund UK 2012).
The National Cancer Registry of Ireland (NCRI) has estimated
that excluding non-melanoma skin cancer, overall cancer incidence (i.e. cancer incidence unadjusted for age) will increase by
81 % for females and by 108 % for males by 2040, based on
demographic changes alone. Should the adverse trends in incidence observed between 1994 and 2010 continue however, the
expected increase in incidence by 2040 will be 48–112 % for
Irish females and 114 %–128 % for Irish males. Again, increases
in the incidence of lifestyle-related cancers such as those of the
colo-rectum (∼120–130 %), oesophagus (>100 %), pancreas
(>100 %), breast (130 %), prostate (104 %) and lung (136 %)
are projected to be the most pronounced (National Cancer
Registry 2014).
Mortality
While age-specific cancer incidence has remained high in
Ireland, Irish mortality rates from most cancers have fallen substantially in recent years. For example, amongst Irish men, agespecific mortality from all-site cancer ranked 31st highest out of
40 European countries surveyed in 2012, although age-specific
mortality for Irish women still ranked ninth highest out of these
40 countries (Ferlay et al. 2013). Recent data indicate that falling
cancer mortality in Ireland has been primarily driven by enhanced remedial intervention for those diagnosed with cancer,
rather than by cancer prevention however. For example, significant improvements in Irish survival rates from cancer of the
stomach (29 %), colon (15 %), rectum (17 %), liver (88 %), lung
(36 %), breast (9 %), ovary (15 %), prostate (27 %) and childhood (7 %) and adult leukaemias (19 %) were achieved between
1995 and 2009 (Allemani et al. 2015).
Epidemiological predictors of cancer
Internationally, there is now substantial epidemiological evidence that a poor quality diet, high alcohol intake, physical
inactivity and overweight and obesity are potent risk factors
for multiple malignancies (Vineis and Wild 2014), with an
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increasing number of candidate food and nutrient effectors
identified in recent years (Zanini et al. 2015; Song et al.
2015). In 2007, the World Cancer Research Fund/American
Institute for Cancer Research Second Expert Report on Food,
Nutrition, Physical Activity, and the Prevention of Cancer
comprehensively articulated the dietary, nutritional, lifestyle
and anthropometric factors that had been associated with cancer risk to that date (World Cancer Research Fund/American
Institute for Cancer Research 2007). These findings are
summarised in Table 3.
In the period since 2007, the World Cancer Research Fund
through its Continuous Update Project and others have continued
to review and augment the evidence regarding diet, physical
activity and cancer risk (also shown in Table 3). In examining
these dietary, nutritional, lifestyle and anthropometric predictors
of cancer risk, there is now strong evidence from large prospective cohort studies (Bradbury et al. 2014; Oyebode et al. 2014),
case-control studies (Turati et al. 2015) and meta-analyses (Aune
et al. 2012a; Liu and Lv 2013; Wang et al. 2015) that low fruit
and vegetable intakes are associated with increased risk of cancer
at multiple sites including the mouth, oesophagus, stomach, pancreas, colo-rectum, larynx, lung, kidney, breast and ovary; with
low fruit and vegetable consumption estimated to play a role in
5–12 % of preventable cancers overall (Vainio and Weiderpass
2006). Prospective studies and meta-analyses have also shown
an association between low dietary fibre intakes and increased
risk of breast (Dong et al. 2011a), colo-rectal (Murphy et al.
2012) and oesophageal (Coleman et al. 2013) malignancy, further highlighting the importance of these high fibre foods.
In relation to proteinaceous foods, high red meat and processed red meat intakes have been consistently associated with
increased risk of colo-rectal (Chan et al. 2011; Aune et al.
2013; Ananthakrishnan et al. 2015) and oesophageal (Salehi
et al. 2013; Qu et al. 2013; Huang et al. 2013; Zhu et al. 2014)
cancer, as well as an increased risk of lung (Yang et al. 2012; Xue
et al. 2014) and breast (Guo et al. 2015) cancer. Evidence has also
emerged of increased all-site cancer incidence and mortality
among those with higher red and processed meat intakes
(Bouvard et al. 2015; Pan et al. 2012), with several mutagenic
mechanisms now suggested to explain these proposed carcinogenic effects (Abid et al. 2014; Bouvard et al. 2015). In contrast
to the data concerning red and processed meat intakes, a number
of meta-analyses (Shen et al. 2012; Zheng et al. 2013; Jiang et al.
2016; Yu et al. 2014; Huang et al. 2015) and prospective cohort
studies (Farvid et al. 2014) have associated higher fish consumption with reduced risk of several cancers, including those of the
oesophagus, liver, colo-rectum and breast, with plausible mechanisms for these putative protective effects also beginning to
emerge (DiNicolantonio et al. 2014). The relationship between
dairy foods and cancer risk appears more complicated however.
While recent systematic reviews and meta-analyses have generally supported an inverse relationship between milk and dairy
intake and cancers of the colo-rectum, bladder and breast

(Lampe 2011; Dong et al. 2011b; Aune et al. 2012b; Abid
et al. 2014), these same studies and others (Aune et al. 2014)
have identified an increased risk of prostate cancer in men with
higher milk and dairy intakes.
With regard to macronutrient intakes, high saturated fat
intake has been associated with increased colo-rectal cancer
risk (Levi et al. 2002) and increased mortality from breast
cancer (Brennan et al. 2015). Conversely, high omega-3 (n3
fish oil) intake has been inversely associated with risk of several malignancies (Pauwels and Kairemo 2008), although biomarker data have not always supported this association
(Alexander et al. 2015).
In relation to individual micronutrient intakes, several casecontrol (Tavani et al. 2012; Sharp et al. 2013), prospective
cohort (Bassett et al. 2013; de Batlle et al. 2014) and metaanalysis (Lin et al. 2013; Tio et al. 2014) studies have identified a higher risk of oro-pharyngeal, oesophageal, pancreatic,
colo-rectal and breast cancer in those with low folate intakes,
especially where these deficits coincide with high alcohol
consumption (Giovannucci 2004; Nishihara et al. 2014).
Recent evidence has also failed to substantiate earlier suggestions of increased gut cancer risk with folic acid supplementation (Mason 2009; Vollset et al. 2013), lending further support to the potential benefits of higher folate intake.
Notwithstanding some evidence of increased bladder cancer
risk at high calcium intakes (Brinkman et al. 2011), low calcium
intake (Peterlik et al. 2009) and especially poor vitamin D status
(Grant et al. 2007; Giovannucci 2009; Touvier et al. 2011) have
been implicated in colo-rectal, breast and other cancers. In relation to vitamin D, several meta-analyses (Wei et al. 2008;
Mohr et al. 2011; Ma et al. 2011; Yin et al. 2013) and reviews
of observational, ecological and case-control studies (Holick
2013; Giovannucci 2013; Grant 2014, 2015) since 2007 have
suggested an association between higher intakes and blood
levels of vitamin D and reduced risk of colo-rectal, pancreatic,
breast and ovarian cancer.
From the lifestyle perspective, there is now convincing
evidence that high alcohol intake (more than 4 drinks per
day) increases the risk of oro-pharyngeal cancer (by 500 %),
laryngeal cancer (by 250 %), colo-rectal cancer (by 50 %),
breast cancer (by 50 %) and pancreatic cancer (by 30 %)
(Pelucchi et al. 2011). Subsequent large prospective studies
(Schütze et al. 2011; Romieu et al. 2015), meta-analyses
(Bagnardi et al. 2015) and reviews (Scoccianti et al.
2015a) have also implicated high alcohol consumption as a
potent risk factor for cancers of the oro-pharynx, larynx,
breast, oesophagus, stomach, colo-rectum, liver, gallbladder,
pancreas, prostate and lung, as well as for all-site cancer.
One recent retrospective, observational study has estimated
that in Ireland between 2001 and 2010, 4.7 % of all cancer
incidence in men and 4.2 % of all cancer incidence in women was attributable to the over-consumption of alcohol
(Laffoy et al. 2013).
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Table 3

↓ RR for breast cancer (0.85 in highest vs. lowest
consumers of cruciferous vegetables
↓ HR for all-site cancer mortality (0.75) and overall
mortality (0.67) for 7+ portions/d vs. <1
portion/d of fruit and vegetables
↓ RR for lung cancer (0.90 for highest vs. lowest
intake groups). 3 % reduction in risk per extra
veg serving/d up to 2 servings/d
Cancer ORs for the highest vs. lowest quintile of
vegetable intake: 0.19 (oro-pharyngeal), 0.51
(naso-pharyngeal), 0.32 (oesophageal), 0.47
(stomach), 0.57 (colo-rectal), 0.72 (liver),
0.66 (pancreatic), 0.17 (laryngeal), 0.73
(breast), 0.59 (endometrial), 0.47 (ovarian), 0.65
(kidney), 0.49 (non-Hodgkin’s lymphoma)
High milk and dairy intakes ↓ colo-rectal and
bladder cancer risk, but ↑ prostate ca risk
↓ RR for colo-rectal cancer (0.83 per 400 g/d dairy
foods, 0.91 per 200 g/d of milk and 0.96 per
50 g/d of cheese)
High dairy and calcium intakes ↓ colo-rectal,
bladder and breast cancer risk, but may ↑ prostate
cancer risk
↑ RR for prostate cancer (1.07 per 400 g/d dairy
foods, 1.03 per 200 g/d of milk, 1.06 per 200 g/d
low fat milk, 1.09 per 50 g/d of cheese, 1.05 per
400 mg/d dietary calcium)
↓ RR for breast cancer (0.89) for highest vs. lowest
fibre consumers. 7 % ↓ in breast cancer risk for
each 10 g/d ↑ in fibre intake
↓ HR for colo-rectal cancer (0.87 per 10 g/d increase
in dietary fibre intake)
↓ OR for oesophageal adenocarcinoma (0.66) for
highest vs. lowest fibre consumers

↓ RR for breast cancer (0.89 for fruit and veg, 0.92
for fruit alone—highest v lowest intake)
↓ lung and upper GI cancer risk with higher fruit
intake
↓ RR for lung cancer (0.84 for highest vs. lowest
intake groups). 5 % reduction in risk per extra
fruit serving/d up to 2 servings/d
Cancer ORs for the highest vs. lowest quintile of
fruit intake: 0.39 (oro-pharyngeal), 0.52
(oesophageal), 0.53 (stomach), 0.72
(colo-rectal), 0.60 (pancreatic), 0.52
(laryngeal)

Review of meta-analyses undertaken since 2007
examining milk and calcium intake and cancer
risk
Systematic review and meta-analysis of 19 cohort
studies (n = 11,579 cases, 1,170,942 subjects)
investigating the association between dairy
intake and colorectal cancer
Summary review of National Cancer Institute
Studies post-2007 (meat, dairy foods and cancer)
WCRF CUP systematic review and meta-analysis of
32 cohort studies up to Apr 2013 investigating
dairy and calcium intake and prostate cancer risk
Meta-analysis of 10 prospective cohort studies
(n = 16,848 cases; 712,195 participants)
International prospective study (EPIC) (n = 4,517
cases, 477,312 participants) after mean follow-up
of 11 years
Systematic review and meta-analysis of 10
case-control studies (8 for oesophageal adenoCa)
investigating links between oesophageal cancer
and dietary fibre intake
Population-based, case-control study (n = 223 cases ↓ OR for oesophageal adenocarcinoma (0.56 for
highest vs. lowest dietary folate intakes)
and 256 controls) investigating dietary folate
↓ ORs for oesophageal (0.59) and pancreatic (0.66)
intakes and risk of oesophageal adenoCa and
cancer in highest vs. lowest folate intake groups
Barrett’s oesophagus

Systematic review and meta-analysis of prospective
studies
Review of 20 published studies from the EPIC
prospective cohort study (n >500,000
participants) investigating fruit, vegetable and
dietary fibre intake and cancer risk
Dose-response meta-analysis of 16 prospective
cohort studies (n = 15,421 cases among
1,791,469 subjects) examining fruit intake and
lung cancer risk
Review of multicentre, case-control studies
(n = >10,000 ca cases, >17,000 controls)
investigating the association between fruit and
vegetable consumption and cancer risk at
multiple sites
Meta-analysis of 11 case-control and 2 prospective
cohort studies (cruciferous vegetables)
Prospective mortality data in the Health Survey for
England Study (n = 65,226)
Dose-response meta-analysis of 19 studies
(n = 16,422 cases among 1,877,375 subjects)
examining vegetable intake and lung cancer risk
Review of multicentre, case-control studies
(n = >10,000 cancer cases, >17,000 controls)
investigating the association between fruit and
vegetable consumption and cancer risk at
multiple sites

Nature of subsequent evidence (after 2007) Directionality of risk
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Table 3 (continued)

Suggestive

Suggestive

Shen et al. 2012
Zheng et al. 2013
Jiang et al. 2016
Yu et al. 2014
Farvid et al. 2014
DiNicolantonio et al.
2014
Huang et al. 2015

Wei et al. 2008
Mohr et al. 2011
Yin et al. 2013
Ma et al. 2011
Holick 2013
Giovannucci 2013
Grant 2014
Grant 2015

Bassett et al. 2013
de Batlle et al. 2014
Tavani et al. 2012

Strength of evidence up to Subsequent
2007 (WCRF/AICR 2007) evidence

↓ OR for pancreatic cancer (0.66) in the highest vs.
lowest dietary folate intake group
Adequate folate ↓ colo-rectal cancer risk
↓ OR for colo-rectal cancer (0.63) with high folate,
low methionine diet
↓ OR for pre-menopausal breast cancer risk
(0.66-0.70). 14 % reduction in breast cancer risk
in highest vs. lowest dietary folate tertiles in
women with high alcohol intake (>12
drinks/week)
↓ ORs for oropharyngeal (0.65), oesophageal (0.58),
colo-rectal (0.83), pancreatic (0.72), laryngeal
(0.67) and breast (0.87) cancer per 100 μg/day
increment in dietary folate

↓ OR for colo-rectal adenoma (0.70) in high versus
low circulating 25(OH)D. Highest quintile of
vitamin D intake had 11 % lower risk of
colorectal adenomas vs. lowest intake
↓ OR for breast cancer (0.61) in the highest vs.
lowest serum 25(OH)D groups. Serum 25(OH)D
level of ≥47 ng/ml had a 50 % lower risk of
breast cancer
↓ RRs for all-site cancer incidence (0.89) and cancer
mortality (0.83) with a 50 nmol/l increase in
serum 25(OH)D levels
↓ OR for colo-rectal cancer in highest vs. lowest
intake group (0.88) and in highest vs. lowest
serum 25(OH)D group (0.67)
↓ risk of colo-rectal, breast, pancreas, ovarian cancer
with serum 25(OH)D levels of 100-150 nmol/l
Adequate vitamin D levels ↓ the risk of colo-rectal
cancer, and of its progression and mortality from
it.
Adequate vitamin D levels are causally associated
with ↓ colo-rectal and breast cancer risk, and
possibly ↓ risk of others
↓ breast cancer risk (case-control studies) and
colo-rectal cancer risk (nested case-controls) with
adequate serum 25(OH)D
↓ OR for colo-rectal cancer risk in men (0.87) with
Meta-analysis of 7 prospective cohort studies
higher n3 PUFA intakes
(n = 489,465 participants; 4,656 cases)
investigating n3 fatty acid intake and colo-rectal ↓ OR for breast cancer risk (0.86) in highest vs.
lowest marine n3 PUFA intake and tissue level
cancer risk
groups. Risk of breast cancer ↓ 5 % per 0.1 g/d
Meta-analysis of 21 prospective cohort studies (11
increase in marine n3 PUFA intake
for fish intake; n = 13,323 cases and 687,770
↓ OR for oesophageal squamous cell carcinoma
participants; 17 for marine n3 PUFA intake;
(0.69) in highest vs. lowest fish consumers
n = 16,178 cases and 527,392 participants)
↓ OR for GI cancers (oesophageal, liver, colo-rectal)
Meta-analysis of observational studies (17
in regular (0.93), moderate (0.94) and high (0.91)
case-control; 3 cohort; n = 3,990 cases)
fish consumers vs. non-/infrequent consumers.

Systematic review and meta-analysis of 9
retrospective studies investigating the role of
folate in oesophageal Ca, and 8 studies
investigating the role of folate in pancreatic Ca
Meta-analysis and dose-response meta-analysis of 6
cohort- and 4 case-control studies
Review article of B-vitamins and other foods and
nutrients in colo-rectal cancer risk, including
putative anti-carcinogenic mechanisms for folate
Prospective cohort study (n = 910 cases among
37,112 participants over 15 years of follow-up)
investigating B vitamin and methionine intakes
and colo-rectal cancer risk
International prospective study (EPIC) (n = 11,575
cases, 367,993 participants; followed up over
11 years) in relation to dietary folate and breast
cancer risk.
Multi-centre case control study (n = 8,573 cases;
22,828 controls over 18 years)
Meta-analysis (1 cross-sectional, 9 case-control, and
7 cohort/nested case-control studies)
investigating vitamin D intakes and levels in
relation to colo-rectal cancer risk
Analysis of pooled data from 11 case-control studies
on serum 25(OH)D vs. breast Ca
Meta-analysis with random effects models - cancer
incidence and mortality (18 studies)
Systematic review and meta-analysis of 18
prospective studies; 9 on vitamin D intake and 9
on 25(OH)D levels, in relation to colo-rectal Ca
(n = ∼1,000,000 participants)
Review of studies implicating vitamin D deficiency
in increased all-site cancer risk
Review of observational studies examining the role
of vitamin D levels in risk of incident colo-rectal
cancer, and in cancer progression and mortality
Review of ecological and observational studies;
application of Hill’s causality criteria to assess
the role of vitamin D in 15 cancers
Review of 11 case-control studies in 7 countries
(serum 25(OH)D and breast cancer)

Nature of subsequent evidence (after 2007) Directionality of risk
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Increased

Red and processed
meats
Oesophagus
Lung
Stomach
Pancreas
Colo-rectum
Endometrium
Prostate

Directionality Types of malignancy
of risk

Food, nutrient or
lifestyle factor

Table 3 (continued)

Suggestive to convincing

Chan et al. 2011
Pan et al. 2012
Yang et al. 2012
Aune et al. 2013
Salehi et al. 2013
Qu et al. 2013
Huang et al. 2013
Zhu et al. 2014
Xue et al. 2014
Ananthakrishnan et al.
2015
Guo et al. 2015
Bouvard et al. 2015

Strength of evidence up to Subsequent
2007 (WCRF/AICR 2007) evidence
investigating the association between fish intake
and oesophageal cancer
Meta-analysis of 42 cohort studies (n = 2,325,040
participants, 24,115 GI cancer cases; average
follow-up of 13.6 years)
Prospective cohort study (Nurse’s Health Study;
n = 88,803 participants; 2,830 cases over
20 years follow-up) investigating fish intake and
breast cancer risk
Review of studies describing the COX-2 mediated
anti-cancer effects of EPA and DHA on
adenocarcinoma development
Meta-analysis of 5 retrospective and 5 prospective
cohort studies (n = 3,624 cases)
Meta-analysis of 24 prospective studies (10 after
2007) including 19 cohort studies investigating
the association between red and processed meat
intakes and colo-rectal cancer
Combined Health Professionals Follow-up Study
(n = 37,698) and Nurses’ Health Study
(n = 83,644) prospective investigation of red and
processed meat intake and cancer death
(n = 9,464 cancer deaths) over 2.96 million
person years of follow-up
Systematic review and meta-analysis of 11 cohort
and 23 case-control studies investigating meat
intake and lung cancer incidence (n = 1,797,402)
WCRF CUP systematic review and meta-analysis of
7 prospective and 19 case-control studies up to
Dec 2011 investigating red meat and processed
meat intakes and colo-rectal adenoma risk.
Systematic review and meta-analysis of 4 cohort and
31 case-control studies from 1990–2011
investigating meat and fish intakes and
oesophageal cancer risk
Meta-analysis of 19 case-control and 2 cohort
studies investigating red and processed meat
intake and oesophageal squamous cell carcinoma
risk (n = 6,499 cases of squamous cell
carcinoma)
Meta-analysis of observational studies (3 cohort and
7 case-control studies) up to May 2012
examining red and processed meat intake and
oesophageal adenocarcinoma risk
Systematic review and meta-analysis of 7 cohort; 28
case-control studies up to April 2013
investigating red meat and processed meat intake
and oesophageal cancer risk
Dose-response meta-analysis of 6 cohort and 28
case-control studies up to June 2013
investigating red and processed meat intake and
lung cancer risk
Meta-analysis of 11 case-control studies (n = 8,290
colo-rectal cancer cases; 9,115 controls)

↑ OR of colo-rectal cancer (1.22) in highest vs.
lowest red and processed meat intake gp. RRs for
colo-rectal Ca of 1.18 (per 100 g/d red meat) and
1.17 (per 50 g/d proc meat).
↑ HRs for cancer death for red meat (1.10) and
processed meat (1.16) per serving/d
↑ OR for lung cancer in highest vs. lowest intake
groups for total meat (1.35), red meat (1.34) and
processed meat (1.06)
↑ RR for colo-rectal adenoma: per 100 g/d red meat:
1.27 (all studies), 1.20 (prospective studies), 1.34
(case-controls); per 50 g/d processed meat: 1.29
(all studies), 1.45 (prospective studies), 1.23
(case-controls)
↑ RR for oesophageal cancer (1.40) in highest vs.
lowest red meat intake group; and of 1.41 in
highest vs. lowest processed meat intake group
↑ OR for oesophageal squamous cell carcinoma in
highest vs. lowest red meat (1.57) and processed
meat (1.55) consumers
↑ RR for oesophageal adenoma in highest vs. lowest
red meat (1.31) and processed meat (1.41)
consumers. ↑ RRs of 1.45 per 100 g/d red meat;
1.37 per 50 g/day of proc meat.
↑ RR for oesophageal cancer in highest vs. lowest
red meat (1.55) and processed meat (1.33)
consumers. ↑ red meat intake assoc with
oesophageal squamous cell carcinoma; ↑ proc
meat intake with adenocarcinoma.
↑ RR for lung cancer for highest vs. lowest red meat
(1.44) and processed meat (1.23) intakes; 35 % ↑
in risk per 120g/d red meat; 20 % ↑ in risk per
50 g/d processed meat.
↑ OR for colo-rectal cancer for highest vs. lowest red
meat consumers (1.41) (from retrospective data
examined only).
↑ OR for breast cancer for highest vs. lowest red
meat (1.10) and processed meat (1.08)
consumers; ↑ RR of 1.11 per 120 g/d red meat
and 1.09 per 50 g/d processed meat

2 % reduced risk of GI cancer per 20 g/d
increase in fish intake
↓ OR (0.86) for breast cancer by substituting one
serving of red meat per day with fish, poultry,
nuts and legumes combined
Dietary EPA/DHA plausibly ↓ risk of
adenocarcinoma by a no. of mechanisms
↓ ORs for liver cancer in highest vs. lowest total fish
intake groups in case-control (0.79) and cohort
(0.82) studies. Increased fish intake of 1 serving
per week yielded a 6 % lower risk of liver cancer

Nature of subsequent evidence (after 2007) Directionality of risk

J Public Health

Increased

Reduced

Increased

Alcohol

Physical activity

Body fatness
Oesophagus
Pancreas
Gall-bladder
Liver
Colo-rectum
Breast (post-menopausal)
Endometrium
Kidney

Lung
Pancreas
Colo-rectum
Breast
Endometrium

Mouth, pharynx, larynx
Oesophagus
Liver
Colo-rectum
Breast
Kidney

Directionality Types of malignancy
of risk

Food, nutrient or
lifestyle factor

Table 3 (continued)

Pelucchi et al. 2011
Schütze et al. 2011
Laffoy et al. 2013
Romieu et al. 2015
Scoccianti et al. 2015a
Bagnardi et al. 2015

Lee et al. 2012
Singh et al. 2014
Brenner 2014

Abnet et al. 2008
Ning et al. 2010
Gaudet et al. 2014
Ligibel et al. 2014
Arnold et al. 2015
Byers and Sedjo 2015

Probable to convincing
(suggestive for kidney)

Suggestive to probable
(convincing for colo-rectum)

Probable to convincing
(suggestive for liver)

Strength of evidence up to Subsequent
2007 (WCRF/AICR 2007) evidence

↑ colorectal and stomach cancer risk with increasing
processed meat intake; ↑ colorectal, pancreatic
and prostate cancer risk with increasing red meat
intake

20–500 % ↑ risk: mouth, pharynx, larynx,
oesophagus, breast, colo-rectum, pancreas
10 % (men) and 3 % (women) of all cancer
incidence attributable to alcohol
4.7 % (men) and 4.2 % (women) of all cancer
incidence attributable to alcohol
↑ HR by 4.2 % per 10 g/d ↑ in alcohol intake
↑ dose-dependent Ca risk: mouth, pharynx, larynx,
oesophagus, liver, colorectum, breast
RRs for high vs. no/occasional alcohol
consumption: mouth and pharynx (5.13), larynx
(2.65), breast (1.61), oesophagus (4.95), stomach
(1.21), colo-rectum (1.44), liver (2.07),
gallbladder (2.64), pancreas (1.19), prostate, lung
(1.15)
Modelling study: global population attributable
Low physical activity causes 10 % of breast cancer
fraction (PAFs) for ↓ physical activity and colon
and 10 % of colon cancer globally
and breast cancer
32 % lower risk of oesophageal adenoCa in highest
Systematic review and meta-analysis of 4 cohort and
vs. lowest physical activity group
5 case-control studies (n = 1,871 cases of
7.9 % of colon, breast, endometrial, prostate, lung,
oesophageal cancer among 1,381,844 patients)
and ovarian cancer combined attributable to low
Modelling study: Canadian population attributable
physical activity
fraction (PAFs) for ↓ physical activity and cancer
at multiple sites
US NIH-AARP Diet and Health study (n = 480,475; BMI ≥35 kg/m2 associated with ↑er risk of
287,960 men, 192,515 women)
oesophageal adenoCa (HR 2.27) and gastric
Meta-analysis and meta-regression analysis of 56
cardia adenoCa (HR 2.46) vs. BMI 18.5–25
observational studies (n = 7,213,335 individuals Compared with BMI <23.0 kg/m2, BMI of
including 93,812 colorectal cancer cases)
23.0–24.9, 25.0–27.4, 27.5–29.9 and
Cancer Prevention Study-II (n = 28,965
≥30.0 kg/m2 associated with 14 %, 19 %, 24 %
postmenopausal women; 1,088 breast cancer
and 41 % increased risks of colorectal Ca. 18 %
cases on median follow-up of 11.6 years)
↑ in risk per 5 kg/m2 ↑ in BMI
American Society of Clinical Oncology Position
↑ in HR of 1.13 per 10 cm ↑ in waist circumference,
Statement on Obesity and Cancer
explained by effect of larger waist on BMI (HR ↑
Modelling study using PAFs calculated from
by 1.04 per 1 kg/m2)
international GLOBOCAN data.
Obesity increases cancer risk and worsens cancer
Review of different mechanisms by which excessive
prognosis at multiple sites (e.g. breast, colon,
adiposity contributes to cancer risk including
prostate)
excessive androgens, inflammation, excess
481,000 (3.6 %) of all new global cancer cases in
leptin, insulin and IGFs and immunosuppression
adults >30 years are attributable to high BMI.
Uterine, post-menopausal breast and colon
cancers account for 63.6 % of cancers
attributable to high BMI
Excess adiposity is associated with increased breast,
ovarian, oesophageal, liver, colorectal,
pancreatic, prostate, kidney and gallbladder
cancer

Dose-response meta-analysis of 14 prospective
studies (n = 31,552 breast cancer cases) up to
Oct 2014 examining red and processed meat
intake and breast cancer risk
IARC Expert Working Group; >800 studies
examining red and processed meat intakes and
cancer risk
Review of studies examining alcohol intake vs.
cancer at multiple sites
EPIC prospective cohort in 8 EU countries
(n = 109,118 men; 254,870 women, aged 37–70
years)
Review of national hospital and cancer mortality
records in Ireland (2001–10)
EPIC prospective cohort (10 EU countries;
n = 334,850 women, 11,576 cases breast Ca)
Review of alcohol consumption and its implication
for cancer incidence in Europe
Dose-response meta-analysis (572 studies, 486,538
cancer cases, 23 cancer types)

Nature of subsequent evidence (after 2007) Directionality of risk
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Increased

Reduced

Central obesity

Lactation

a

Convincing (suggestive for
ovary)

Probable to convincing

Scoccianti et al. 2015b
Zhou et al. 2015
Luan et al. 2013
Li et al. 2014

Ryan et al. 2011
Doyle et al. 2012
Singh et al. 2013
Ma et al. 2013
Riondino et al. 2014
Chan and Norat 2015

Strength of evidence up to Subsequent
2007 (WCRF/AICR 2007) evidence
Systematic review of epidemiological studies
(2005–2010) and mechanistic studies linking
obesity and oesophageal adenocarcinoma
Review of mechanistic studies linking visceral
obesity and breast, colorectal and oesophageal
cancer
Systematic review and meta-analysis of 40 studies
investigating central adiposity and oesophagitis,
Barrett’s oesophagus and oesophageal
adenocarcinoma (6 studies)
Systematic review and meta-analysis of studies
investigating the links between obesity (41
studies; n = 8,115,689 participants, 85,935 cases)
and central obesity (13 studies; n = 817,449
participants, 6,546 cases) and colorectal cancer
risk
Review of the mechanistic associations between
central obesity, pro-inflammatory and other
adipokines and colorectal cancer risk
Review of evidence linking obesity and central
obesity to pre- and postmenopausal breast cancer
risk and survival
Review of epidemiological and biological studies
investigating breastfeeding and breast cancer risk
Meta-analysis of 27 studies (n = 13,907 cases)
investigating the association between
breastfeeding and breast cancer risk
Meta-analysis of 5 prospective and 30 case-control
studies up to Dec 2012 (n = 14,465 cases and
706,152 non-cases) investigating breastfeeding
and ovarian cancer risk
Systematic review and meta-analysis of 5 cohort and
35 case-control studies (n = 17,139 cases and
398,810 non-cases) investigating breastfeeding
and ovarian cancer risk

2 % reduction in breast cancer risk per 5 months
increase in breastfeeding duration
RR of 0.61 for ever vs. never breastfeeders; RR of
0.47 for longest vs. shortest breastfeeding
duration
RR of 0.76 for ever vs. never breastfeeders,
8 % reduction in ovarian cancer risk per 5 months
increase in breastfeeding duration
RR of 0.70 for ever vs. never breastfeeders;
RRs for breastfeeding duration: 0.85 (<6 mths); 0.73
(6–12 mths); 0.64 (>12 mths)

↑risk from obesity, central obesity and its associated
inflammation and insulin resistance
↑risk of visceral obesity from inflammation, insulin
resistance and altered IGF-1
↑ adjusted OR (2.51) for adenoCa in centrally obese
vs. lowest waist meas group
↑ RRs for obese (BMI > 30 kg/m2) vs. normal BMI
(1.33) and for the highest vs. lowest waist
circumference group (1.46)
Pro-inflammatory adipokines and hormones (e.g.
adiponectin, leptin, resistin and ghrelin)
implicated in colorectal carcinogenesis
Obesity and central obesity increase breast cancer
risk and adversely affect pt survival

Nature of subsequent evidence (after 2007) Directionality of risk

Cancers occurring with high frequency in Ireland (colo-rectal, oesophageal, lung, breast and prostate) highlighted in bold

OR odds ratio, HR hazard ratio, RR relative risk

Breast (pre- and
post-menopausal)
Ovary

Pancreas
Colo-rectum
Breast (post-menopausal)
Endometrium

Directionality Types of malignancy
of risk

Food, nutrient or
lifestyle factor

Table 3 (continued)
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In relation to other lifestyle behaviours, several modelling
(Lee et al. 2012; Brenner 2014), epidemiological
(Friedenreich et al. 2010) and meta-analysis (Singh et al.
2014) studies have identified physical inactivity as an independent risk factor for oesophageal, colo-rectal, breast, ovarian, endometrial, prostatic and lung cancer. There is also considerable evidence from experimental (Doyle et al. 2012;
Riondino et al. 2014; Byers and Sedjo 2015), prospective
cohort (Abnet et al. 2008; Gaudet et al. 2014), modelling
(Renehan et al. 2010; Arnold et al. 2015), meta-analysis
(Ning et al. 2010; Singh et al. 2013; Ma et al. 2013) and
review (Ryan et al. 2011; Chan and Norat 2015) studies that
overweight and obesity, the anthropometric manifestations of
poor diet and physical inactivity; and the diabetes and metabolic syndrome which frequently accompany them (Braun
et al. 2011), significantly increase the risk of many cancers
including those of the oesophagus, liver, pancreas, gallbladder, colo-rectum, kidney, breast, ovary, uterus and prostate.
Finally, in relation to infant feeding practices amongst women,
there is now convincing evidence from review (Scoccianti
et al. 2015b) and systematic review and meta-analysis studies
(Luan et al. 2013; Li et al. 2014; Zhou et al. 2015) of a doserelated reduction in risk of breast cancer amongst women who
have breastfed.
Overall, epidemiological data from the UK (Parkin et al.
2011) suggest that 9.2 % of all cancers are attributable to poor
diet (low fruit and vegetable, high red meat, low dietary fibre
and high salt intakes). A further 5.5 % of cases are thought to
relate to overweight and obesity, with an additional 4.4 %
ascribed to the effects of alcohol overconsumption. These
findings are supported by other recent international data
(Vineis and Wild 2014; Zanini et al. 2015; Wirth et al. 2015)
emphasising the importance of diet and lifestyle in
determining overall cancer risk.

The Irish perspective
In the Irish context, the 1996 report Cancer Services in
Ireland: A National Strategy (Department of Health and
Children 1996) outlined some of the key areas in which the
Irish diet could be improved in relation to cancer risk (e.g. the
consumption of more fruit and vegetables, more dietary fibre,
less fat and less alcohol). However, this document did not
explicate how these objectives were to be achieved on a population basis. In 2006, A Strategy for Cancer Control in
Ireland (National Cancer Forum 2006) highlighted the need
to Braise awareness of the links between diet and cancer^ and
stated the potential healthcare savings that could accrue from
developing such a preventative approach. Unfortunately however, recent research suggests that awareness of the links between cancer and poor diet, and between cancer and obesity,
remains limited among Irish adults, with just 76 % and 32 %

of respondents respectively citing these issues as risk factors
for the disease (Ryan et al. 2015).

Diet and lifestyle patterns in Ireland
Despite the potential of healthy diet and lifestyle to ameliorate
Ireland’s cancer burden, the National Adult Nutrition Survey
(NANS) (Walton 2011), as well as other national diet and
lifestyle surveys (Morgan et al. 2008), suggest that nutritional
risk factors for cancer abound in the Irish population. Average
milk and dairy intakes are estimated at less than two of the
recommended three servings per day (National Dairy Council
2013), while fish and omega-3 intakes are also very low (Leite
et al. 2010). Intakes of red and processed meats are high however (Cosgrove et al. 2005), while salt consumption (a known
accelerant in the generation of meat-related carcinogens such
as nitrosamines, heterocyclic aromatic amines and polycyclicaromatic hydrocarbons) remains elevated (Walton 2011; Lin
et al. 2015). The importance of these high red meat intakes is
further highlighted by data from Irish adults which show a
greater than three-fold higher risk of oesophageal adenocarcinoma amongst those in the highest quartile of fresh red meat
intake versus those in the lowest quartile (O’Doherty et al.
2011).
Critically, mean fruit and vegetable intakes in Ireland are
also less than half of the 400 g per day recommended by the
World Health Organisation (Walton 2011). This is of concern
as fruit and vegetables are a primary source of antioxidants,
which may be important in the prevention of some cancers (La
Vecchia et al. 2013; Chen et al. 2016). One all-Ireland population-based, case-control study showed that those in the lowest overall antioxidant index category (a measure of combined
vitamin C, vitamin E, total carotenoid and selenium intake)
were almost twice as likely to develop oesophageal adenocarcinoma as those in the highest intake category, while those in
the lowest vitamin C intake category were over two and a half
times more likely to develop the condition than those in the
highest intake category (Murphy et al. 2010). As alluded to
previously, these prevailing low intakes of fruit and vegetables
are also pertinent in the context of dietary fibre consumption,
where just 20 % of the Irish adult population has been shown
to reach the European Food Safety Authority’s recommended
intake of 25 g/day (Walton 2011).
From a macronutrient intake perspective, 63 % of Irish
adults exceed the recommended 35 % of food energy from
total fat (Walton 2011), while saturated fat intakes in Ireland
are estimated to be roughly 30–35 % higher than recommended (O’Keeffe et al. 2013). In one Irish study, those in the
highest quartile of total fat intake had a five-fold increased
risk of developing oesophageal adenocarcinoma compared
with those in the lowest intake quartile, while those in the
highest saturated fat intake quartile were more than twice as
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likely to develop the condition as those in the lowest intake
quartile (O’Doherty et al. 2011).
With regard to individual micronutrient intakes, despite the
contribution made by voluntary food fortification, dietary vitamin D intakes in Ireland remain low (Black et al. 2014,
2015). Indeed, there is now compelling evidence of endemic
vitamin D insufficiency across the Irish population (Cashman
et al. 2013), while inadequate calcium intakes are observed in
∼8 % of Irish women (Hennessy et al. 2014). In relation to
folate, while roughly 4 % of the overall adult population has
intakes below the estimated average requirement, low intake
and sub-optimal folate status are even more prevalent amongst
younger women (Hopkins et al. 2015). Previous research in
Irish adults has shown that risk of oesophageal adenocarcinoma increases proportionately with declining folate intake
(Sharp et al. 2013), further emphasising the importance of this
micronutrient intake deficit.
In Ireland, all of these nutritional shortcomings are
superimposed on a collage of deleterious health behaviours.
Overall, one-third of male drinkers and over one-fifth
(22.8 %) of female drinkers consume alcohol at intakes exceeding the low-risk weekly consumption guidelines (i.e. less than
16.8 standard drinks per week for men and 11.2 standard drinks
for women). Among younger male consumers (43.8 %) and
younger female consumers (39.0 %), intakes above these weekly guidelines are especially common. Binge pattern consumption is also prevalent, with almost two-fifths (37.3 %) of all
respondents consuming six or more standard drinks on a single
occasion once per month and one-in-five drinkers (21.1 %)
engaged in binge drinking at least once a week. Again, monthly
binge drinking is most common among males aged 18–24
years (67.8 %), with one in four young men (27.9 %) and more
than one in five young women (22.5 %) exceeding the recommended weekly intake guidelines on one single day in the week
prior to the reference survey (Long and Mongan 2014).
It has been estimated that in Ireland between 2001 and
2010, 4585 diagnoses (4.7 %) of invasive cancer in males
and 4593 diagnoses (4.2 %) of invasive cancer in females
were attributable to alcohol, with 53 % of upper aerodigestive tract cancers in males and 35.2 % of these cancers
in females related to excessive drinking. Overall, alcohol
accounted for 6.7 % of male cancer deaths and 4.6 % of
female cancer deaths during this 10-year period, with roughly
900 new cancers and 500 cancer deaths per year directly attributable to its effects (Laffoy et al. 2013).
In relation to physical activity, the SLAN study revealed
that 45 % of Irish adults were insufficiently active, with 19 %
reporting no habitual physical activity at all (Morgan et al.
2008), supporting previous research which had indicated significantly lower activity levels in Ireland than in most other
European countries (Sjöström et al. 2006). These findings
have more recently been corroborated by an analysis of
WHO data which showed that Irish adults had the seventh

lowest physical activity levels out of 36 European countries
surveyed (Hallal et al. 2012). Fifty-three percent of Irish adults
in this study reported that they did not achieve the recommended weekly activity guideline [5 × 30 min episodes of
moderate intensity activity (e.g. walking) or 3 × 20 min bursts
of vigorous activity, or a combination of the two) on a weekly
basis. In terms of the explicit cancer burden imposed by physical inactivity, it has been estimated that 15.7 % of colorectal
cancer cases and 15.2 % of breast cancer cases in Ireland are
attributable to physical inactivity, a considerably greater proportion than the 10 % of these malignancies thought to be due
to low physical activity on a global basis (Lee et al. 2012). In
relation to infant feeding practices, despite modest improvements in recent years, Irish women continue to have amongst
the lowest breastfeeding rates in the world (Nolan and Layte
2015).
Perhaps unsurprisingly, the prevalence of overweight and
obesity in Ireland has increased substantially over the past
three decades (Boylan et al. 2014) and is now considerably
higher than that observed in most other EU member states.
Ireland currently ranks third highest for overweight and obesity combined amongst men (2nd highest for obesity alone)
and ninth highest amongst women (10th highest for obesity
alone) among the 28 EU-member states (World Obesity
Federation 2015). In global terms, Ireland ranks 19th highest
for obesity among men and 57th highest for obesity among
women (International Association for the Study of Obesity
2015).
There is emerging evidence of the deleterious impact that
these obesity rates are having on Ireland’s rates of diabetes and
on the overall metabolic health of the nation. In 2013, the
prevalence of diabetes in Irish adults was estimated at 6.5 %,
with 207,500 people suffering from the condition, and 1568
deaths annually directly attributable to its effects (International
Diabetes Federation 2013). This is relevant as metabolic syndrome and type II diabetes are important risk factors for cancer
(Deng et al. 2012; Luo et al. 2016). Overall, if current trends
continue, it has been estimated that Ireland’s prevalence of
obesity-related cancers will increase by 34 % between 2010
and 2020 and by 61 % between 2010 and 2030 (Keaver et al.
2013).
Conclusions and recommendations
The data presented here show that Ireland has a high incidence
of all-site and especially lifestyle-related cancers relative to
other countries and that this situation is worsening.
Notwithstanding the often observational or correlative nature
of evidence linking food and nutrient intakes with cancer, as
well as the ecological nature of the current study, the behavioural and other data presented here do suggest that poor diet
and lifestyle may be contributing to Ireland’s high cancer rates
(Institute for Health Metrics and Evaluation 2013;
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Organisation for Economic Cooperation and Development
2015). There are also ecological data from other countries
with high cancer incidence which support a contributory role
of poor diet, high alcohol intake and obesity in increased cancer risk. For example, low intakes of fruit and vegetables, fish
and breakfast cereals, and high intakes of red and processed
meats and alcohol have been reported among Danish adults,
with these deficits coinciding with high intakes of saturated fat
and low intakes of vitamin D (Knudsen et al. 2012). These
findings have been echoed by a recent EPIC study which
identified low dietary quality scores amongst Danish adults
(Lassale et al. 2016). In France, historic data have similarly
shown low fruit and vegetable and high saturated fat intakes
(Volatier and Verger 1999), with recent studies suggesting the
persistence of these low fruit and vegetable intakes (Francou
et al. 2015) and of low wholegrain food intakes (Bellisle et al.
2014). While the prevalence of obesity in Denmark (14.2 %)
and France (14.5 %) is considerably lower than that observed in
Ireland (23.0 %), both France and Denmark have low to moderate physical activity levels (Loyen et al. 2016), and at a yearly
consumption of 12–15 l per capita aged 15 years and over, both
have excessive alcohol intakes, which are reflected in higher
alcohol-attributable all-cause mortality rates than the EU average or those recorded for Ireland (Anderson et al. 2012).
Although the dietary, nutritional, lifestyle and anthropometric deficits described for Ireland are prevalent among all
strata of Irish society, there is now clear evidence that they are
both more common and more pronounced among those of low
socio-economic status (Layte and Whelan 2009; McCartney
et al. 2013; Madden 2013), a group whose incidence of
(Donnelly et al. 2013) and mortality from (Balanda and
Wilde 2001; Donnelly and Gavin 2010) all-site cancer are
considerably greater than those of their more affluent peers.
While international data also suggest higher cancer incidence
and mortality rates (Merletti et al. 2011) and less favourable
food and nutrient intakes (Nikolić et al. 2014) amongst those
of low socio-economic status, the contributory role of poor
diet and nutrient intakes to social inequalities in cancer risk
is yet to be fully articulated.
The 2006 Strategy for Cancer Control in Ireland has rightly stated that knowledge enhancement alone will be insufficient to promote the dietary changes required to reduce cancer
risk among the Irish public. While enhanced public awareness
of the dietary and lifestyle risk factors for cancer is required
(Laffoy et al. 2013; Ryan et al. 2015), complementary policy
responses in relation to these population behavioural patterns
are also needed. For example, there is emerging international
evidence which suggests that food taxation and subsidy initiatives could yield substantial advantages in addressing
Ireland’s high overall prevalence of chronic disease (Ni
Mhurchu et al. 2015). In Ireland itself, it has been estimated
that over half of alcohol-related cancers would be prevented
by population adherence to Department of Health alcohol

consumption guidelines (Laffoy et al. 2013). In terms of food
intake, while modelling studies have suggested that
population-wide improvements in diet might reduce cardiovascular disease in Ireland by 10 to 26 % (O’Keeffe et al.
2013), the overlap between these Bheart healthy^ dietary regimens and those associated with reduced cancer risk (Steck
et al. 2015) implies that a further consequential benefit would
also arise in relation to the latter.
In summary, prioritisation of diet and lifestyle interventions
in the prevention of cancer has the potential to yield a considerable public health dividend in Ireland and other high-risk
countries. Strengthening national nutrition and health behavioural surveillance systems would allow greater insight into
cancer-promoting dietary and lifestyle choices as well as the
spatial, ecological and socio-demographic factors which underpin them (Ligibel et al. 2014). By using such data, more
effective preventative strategies could be developed to redress
the unsustainable cancer incidence trends that are now emerging in Ireland.
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